Abstract. Quality is an essential characteristic for web success. Several authors have defined different methodologies, guidelines, techniques and tools in order to assure the quality of web sites. Recently, a wide ranging set of metrics have been proposed for quantifying web quality attributes. However, there is little consensus among them. These metrics are sometimes not well defined, neither empirically or theoretically validated. Moreover, these metrics focus on different aspects of web sites or different quality characteristics, confusing the practitioners interested in using these metrics rather than helping them. With the aim of classifying these metrics and make their use easier, we have elaborated the WQM model (Web Quality Model), which distinguishes three dimensions related to features, lifecycle processes and quality characteristics. In this paper we analyze the most relevant web metrics using this framework and present some preliminary conclusions.
Introduction
Nowadays web technology has attained an absolute importance within the Information Systems. The ever increasing presence of web technology and its criticality for organizations survival make essential to assure a minimum web quality, which it is not always the case [3, 11] . In the last years several experts have work out different proposals to improve web quality: methodologies [35] , quality frameworks [13] , estimation models [28] , guides of styles and criteria [47] , etc.
Since nineties, a wide ranging set of metrics have been proposed for quantifying web quality attributes [2,4,6 -8,10,12-14,17-32,34-39,41-44] . However, these metrics are sometimes not well defined, neither empirically or theoretically validated. Moreover, these metrics focus on different aspects of web sites or different quality characteristics, confusing the practitioners interested in using these metrics rather than helping them. Recently, Dhyani et al. [12] proposed a web classification framework using different catego ries: web graph properties, web page significance, usage
The Web Quality Model
In [41] the authors define a cube structure in which they consider three basic aspects when making a test of a web site. Followi ng this same idea, in [46] we proposed another "cube" in which the three dimensions represent those aspects that must be considered in the evaluation of the quality of a web site: features, life cycle processes and quality aspects, that can be considered orthogonal. This model can be used for classification purposes, so it will be possible to classify not only metrics but also methodologies, style guides, and other proposals related to web. In fact we have used this model for classifying different works on web engineering and we have refined our dimensions.
In this section we will summarize the last the current version of the WQM, which is represented in figure 1 . 
Web Feature Dimension
In this dimension we include the three "classic" web aspects: Content, Presentation and Navigation [7, 15, 16] .
In Content we have included not only data as text, figures, images, video clips, etc, but also programs and applications that provide functionalities as scripts, CGI programs, java programs, and others. Data is not only pure data, but also structuring and representation issues. Due to the closely intertwining of functions and data the border between them is not clearly drawn, and we consider together.
Navigation concerns the facilities for accessing information and for moving across the web.
Presentation is related to the way in which content and navigation are presented to the user.
Quality Characteristics Dimension
For the description of this dimension we use as basis the Quint2 model [33] based on the ISO 9126 standard [20] . We have decided to work with this model instead of the standard because Quint2 extends the ISO standard with new characteristics very appropriate for web products. Quint2 is a hierarchical model that fixes six basic characteristics, each has a set of subcharacteristics, to which there a set of attributes are associated. These are the basic elements. Table 1 shows the characteristic of Quint2, indicating, if necessary, those subcharacteristics added or removed respect to ISO 9126.
There is a compliance subcharacteristic for all characteristics (attributes of software that make the software adhere to application related standards, conventions in laws and similar prescriptions).
Life Cycle Processes Dimension
In this dimension we include the diverse processes of the web site life cycle which, following the ISO 12207-1 standard [19] can be differentiated in main processes. In the current version of the model we only included three main processes in this dimension: the development process, the exploitation process (that includes the operative support to the users) and the maintenance one (that includes the evolution that experiences the web site).
It is necessary to consider that the development process contains diverse activities:
• Analysis of system requirements: in which the functional and nonfunctional requirements of the system are specified, including the design restrictions • Design of the system architecture: in which the main components of hardware and software, as well as the manual operations of the system will be identified.
• Analysis of the software requirements, including the specification of the functional and non-functional characteristics, exploitation and execution requirements and maintenance requirements.
• Design of the software architecture, that is, the high level structure that identifies the main components of the system.
Functionality.
A set of attributes that bear on the existence of a set of functions and their specified properties. The functions are those that satisfy stated or implied needs. § Suitability: Attribute of software that bears on the presence and appropriateness of a set of functions for specified tasks. § Accuracy: Attributes of software that bear on the provision of right or agreed results or effects. § Interoperability: Attributes of software that bear on its ability to interact with specified systems. § Security: Attributes of software that bear on its ability to prevent unauthorized access, whether accidental or deliberate, to programs or data. § Traceability (Quint2): Attributes of software that bear on the effort needed to verify correctness of data processing on required points.
Reliability.
A set of attributes that bear on the capability of software to maintain its level of performance under stated conditions for a stated period of time. § Maturity: Attributes of software that bear on the frequency of failure by faults in the software. § Fault tolerance: Attributes of software that bear on its ability to maintain a specified level of performance in cases of software faults or of infringements of its specified interface. § Recoverability: Attributes of software that bear on the capability to re-establish its level of performances and recover the data directly affected in case of a failure and on the time and effort needed for it. § Availability (Quint2): Attributes of software that bear on the amount of time the product is available to the user at the time it is needed. § Degradability (Quint2): Attributes of software that bear on the effort needed to re-establish the essential functionality after a breakdown.
Usability.
A set of attributes that bear on the effort needed for use, and on the individual assessment of such use, by a stated or implied set of users. § Understandability: Attributes of software that bear on the users' effort for recognising the logical concept and its applicability. § Learnability: Attributes of software that bear on the users' effort for learning its application (for example, control, inp ut, output). § Operability: Attributes of software that bear on the users' effort for operation and operation control. § Explicitness (Quint2): Attributes of software that bear on the software product with regard to its status (progression bars, etc.). § Attractivity (Attractiveness in Quint2): Attributes of software that bear on the satisfaction of latent user desires and preferences, through services, behaviour and presentation beyond actual demand. § Customisability (Quint2): Attributes of software that enable the software to be customized by the user to reduce the effort required for use and increase satisfaction with the software. § Clarity (Quint2): Attributes of software that bear on the clarity of making the user aware of the functions it can perform. § Helpfulness (Quint2): Attributes of software that bear on the availability of instructions for the user on how to interact with it. § User-friendliness (Quint2): Attributes of software that bear on the users' satisfaction.
Efficiency.
A set of attributes that bear on the relationship between the level of performance of the software and the amount of resources used, under stated conditions. § Time behaviour: Attributes of software that bear on response and processing times and on throughput rates in performing its function. § Resource behaviour: Attributes of software that bear on the amount of resources used and the duration of such use in performing its function.
Portability.
A set of attributes that bear on the ability of the software to be transformed from one environment to another. § Adaptability: Attributes of software that bear on the opportunity for its adaptation to different specified environments without applying other actions or means than those provided for this purpose for the software in question. § Installability: Attributes of software that bear on the effort needed to install the software in a specified environment. § Replaceability: Attributes of software that bear on the opportunity and effort of using it in the place of specified other software in the environment of that software. § Co-existence (not included in Quint2): The capability of the software to co-exist with other independent software in a common environment sharing common resources.
Maintainability.
A set of attributes that bear on the effort needed to make specified modifications. § Analysability: Attributes of software that bear on the effort needed for diagnosis of deficiencies or causes of failures, or for identification of parts to be modified. § Changeability: Attributes of software that bear on the effort needed for modification, fault removal or for environmental change. § Stability: Attributes of software that bear on the risk of unexpected effect of modifications. § Testability: Attributes of software that bear on the effort needed for validating the (modified) software. § Manageability (Quint2): Attributes of software that bear on the effort needed to (re)establish its running status. § Reusability (Quint2): Attributes of software that bear on its potential for complete or partial reuse in another software product. • Detailed design of software, including the databases.
• Codification and test, of the different software components and the databases.
• Software integration, where the software components are integrated and proven if necessary.
• Test of software, that is, the test of qualification based on the specified requirements.
• Integration of the system.
• Test of the system.
• Installation of software, in the final exploitation environment where it is going to work.
It is important to emphasize that these activities must not to be developed sequentially, because, due to the characteristics of the web development, it will be necessary to use models more iterative even more flexible developments without following formal methodologies [5] .
Analysis of Existing Metrics

Surveyed Metrics
For the present study, we have surveyed different works related in some manner with web topics. We have reviewed about 60 papers, from 1992 to 2003. From all the se works we have selected the ones (about 40) where metric proposals (considered useful for our classification purposes on WQM) were included, discarding some other works where the proposed metrics were not really applicable in our context and do not provi de any relevant information. Examples of the discarded metrics include all the process metrics, focusing, then, our work only on the product metrics. We also discarded repeated metrics, i.e., those metrics proposed by more than one author. We included one instance of such metrics only. Finally, 326 metrics were selected, which are listed in the Appendix of this paper. Finally, we want to note that the process of classifying metrics is not a simple task. So, we are conscious that some of the assignments done may be arguable.
Filling the Cells of the Cube
Although the model does not restrict the number of cells that can be assigned to a given metric m, for the sake of simplicity and practicality we tried to minimize this number assigning the metrics to the cells where the metric could be more useful. To avoid unnecessary complexity, we decided to show in the WQM model only the quality characteristic assigned, instead of the precise sub-characteristic.
In general, the classification of a metric has been done taking into account the metric author opinion. However, this information was not complete (with respect to WQM) and we have made the classification attending to our own understanding. In validation (theoretical and empirical) we have used the results exposed in the reference.
Assigning metrics to life cycle phases was not easy. We have taken some special consideration for the exploitation and maintenance stages. In the web world, where typical timeline in web development is 3-6 months [42] , it is difficult to distinguish when exploitation finishes and maintenance begins. In case of doubt we have classified metrics in both phases.
The Resulting Cube
The list with the detailed assignments of metrics to cells is included in the Appendix. However, due to the extension of that list, in this section we will summarize its main figures using one table (table 2) that shows the number of metrics in each cell of the dimensions. In the row "% Absolute" the sum of the values is not exactly 100% because a metric can be classified in more then one cell in the cube. We have prorated these results in the below row, in order to get a 100% total. So, "% Prorated" values represent the probability a metric to being to a specific cell. Figure 2 shows metric distribution across the three model dimensions: web features, quality characteristics, and lifecycle processes, using prorated figures. Next subsections present several conclusions that we can extract from it.
Quality
Web Features Dimension
About 52% of the metrics were "presentation" metrics. This value confirms the tendency in the web world of giving the most importance to the web end-user making the sites as attractive as possible.
At this point it is convenient to remark that usually there is a confusion between presentation and navigation [7] so, perhaps the results for the navigation could vary depending on the person who made the classification.
Quality Characteristics Dimension
Most of the metrics (53%) are usability metrics. Recording that this data is prorated, because if we examine absolute data (table 2) we can see that 81% of metrics are related to usability. Again this value confirms the end-user focus trying to design usable web sites that attract users. However, it is curious that only 4% of metrics focuses on reliability, when this characteristic it is also extremely important for customer acceptance of web sites. Perhaps, reliability metrics for web do not differ too much from reliability metrics for other kind of software or systems.
Finally, we think that the appearance of new devices (as PDA, mobiles, …) will encourage the definition of new portability metrics.
Life-cycle Dimension
Finally, the fact that exploitation and maintenance are the phases with more metrics can be justified taking into account the evolutionary nature of the web.
Metrics Properties
We have also evaluate the metrics considering the following properties [9] :
• Granularity Level, depending if the metric focuses on a single web page (47%) or a web site (53%).
• Theoretical Validation helps us to know when and how to apply metrics. 
Quality Characteristics
Lifecycle Processes
Design 13%
Exploitation 54%
Maintenance 33%
• Empirical Validation, here the objective is to prove the practical utility of the proposed metrics.
• Automated Support, i.e., whether or not there is a support tool that facilitates the calculation of the metrics (79% are automated).
The results of this evaluation are shown in the Appendix of this document, which contains the values assigned to the features of each metric. As we can see there is a balanced distribution of metrics defined for web pages and web sites. The results for the validation confirm that unfortunately in the web metrics world validation is not considered as a main issue, specially theoretical validation (4%) but also, empirical validation (32%). A big amount of metrics are automated. This is ve ry important if we want that metrics are really used in web development and maintenance projects.
Conclusions and Future Work
There have been many metric proposals for web quality, but no consensus has been reached for their classification. To advance in this area, it is essential to rely on a model that allows us to classify and systematize metric use. In this paper we have presented such the WQM and we have surveyed the most relevant web metrics.
Nevertheless, this is only a first approach that needs to be reviewed until arriving at a definitive and complete version that can be used with total reliability and guarantee of success.
Regarding to the model, some modifications could be carry out in the life cycle dimension including a project process (following the standard ISO 15288, System Life Cycle Processes [21] ) in order to include in the WQM proposals related to web estimation effort [28] .
Regarding to the metrics, we do not claim this survey is complete. It would be necessary to make an even more exhaustive study of the state of the art. We also intend to define new metrics in those "cells" in which the nonexistence of metrics is detected. 
